Objectives Evidence in adults suggests that improvements in cognitive performance may follow weight loss resulting from bariatric surgery, and baseline cognitive performance may be associated with weight loss following surgery. This has not been evaluated in adolescents.
and has been demonstrated to significantly reduce weight and improve or eliminate comorbidities including hypertension, dyslipidemia, and type 2 diabetes (Inge et al., 2016) . However, weight loss following surgery is highly variable and predictors of outcomes poorly understood (Inge et al., 2016; Nadler, Barefoot, & Qureshi, 2012) .
Previous data have established a robust connection between executive functioning and weight status, as well as with behaviors that may contribute to onset or maintenance of obesity (Hayes, Eichen, Barch, & Wilfley, 2018) . For example, poor executive functioning may in part contribute to disordered eating behaviors, such as binge eating (Kittel, Schmidt, & Hilbert, 2017) . Existing research has identified a transactional association between executive functioning and obesity, such that poorer executive functioning is prospectively associated with weight gain and obesity (Goldschmidt, Hipwell, Stepp, McTigue, & Keenan, 2015) and obesity associated with poorer executive function. For example, a systematic review of 31 studies demonstrated that children and adolescents with obesity perform worse on a variety of tasks of executive function than their healthy weight peers (Reinert, Po'e, & Barkin, 2013) . Given the close two-way association between obesity and executive function, Hayes et al. (2018) note the importance of evaluating the effect of intervening on executive function in conjunction with treatment for obesity, as well as the impact of obesity treatment on improvements to executive functioning. Moreover, they note that the directionality of this association should be studied in greater depth. The current study, therefore, aims to fill this gap in the literature through the study of a population of adolescents with severe obesity experiencing rapid weight loss following bariatric surgery.
The role of impulsivity is particularly relevant for adolescents, as executive functioning is still developing during this period. In adolescents with obesity, developmentally normal weaker executive functioning may be compounded by additional deficits as compared with peers in normal weight categories (Braet, Claus, Verbeken, & Van Vlierberghe, 2007; Davis & Fox, 2008; Nederkoorn, Braet, Van Eijs, Tanghe, & Jansen, 2006; Pearce, Mackey, Kietlinski, Nadler, & Vaidya, 2014; Yau, Castro, Tagani, Tsui, & Convit, 2012) . These deficits in executive function appear to be associated with maladaptive behaviors (Gettens & Gorin, 2017) , such as dysregulated eating behaviors (Galanti, Gluck, & Geliebter, 2007; Gowey et al., 2017; Liang, Matheson, Kaye, & Boutelle, 2014; Nasser, Gluck, & Geliebter, 2004) and less physical activity (Joseph, Alonso-Alonso, Bond, Pascual-Leone, & Blackburn, 2011; Loprinzi, Herod, Cardinal, & Noakes, 2013; Riggs, Chou, Spruijt-Metz, & Pentz, 2010) . The evidence of deficits in cognitive performance is supported by imaging studies showing weaker activation in the dorsolateral prefrontal cortex (Carnell et al., 2017; Reinert et al., 2013) and anterior cingulate cortex (Yau, Kang, Javier, & Convit, 2014) of adolescents with obesity, areas of the brain that regulate attention and inhibition.
Memory has also been implicated in obesity. As with executive functioning, this may be a transactional relationship, as poorer memory may be associated with increased caloric intake (Robinson et al., 2013) , and insulin resistance, which results from obesity, may be a key mechanism by which memory is affected by obesity (Convit, 2005) because of the impact of insulin on hippocampal processes (McNay et al., 2010) . Indeed, memory performance has been found to be poorer in adolescents with obesity than their healthy weight peers, though a systematic review found inconsistency in findings across studies (Liang et al., 2014) . Studies of adolescents with severe obesity but without associated comorbidities found no differences in memory functioning compared with healthy peers (Yau et al., 2014) , reflecting the importance of examining memory functioning in adolescents with severe obesity who may be more likely to have insulin resistance (Yau et al., 2014) while accounting for the lack of memory differences in adolescents with uncomplicated obesity. Research on adult bariatric surgery patients demonstrates improved memory function as early as 12 weeks and as long as 12 months following surgery relative to control participants with obesity Gunstad et al., 2011; Miller et al., 2013) . Therefore, it is important to assess differences in memory, both visual and verbal, in adolescents with severe obesity, as well as any potential improvements associated with significant weight loss, which may be accompanied by decreased insulin resistance (Inge et al., 2016) .
Evidence in adults indicates that improvements in cognitive performance may result from the significant weight loss following surgery Thiara et al., 2017; Veronese et al., 2017) and that baseline cognitive performance may likewise impact weight loss outcomes Spitznagel, Alosco, et al., 2013) . However, these associations have not yet been studied in adolescents. Although the adult literature can inform understanding of adolescent cognitive functioning with regard to obesity and bariatric surgery, adolescence is a unique period in cognitive development that requires particular attention. Specifically, adolescent brains are developing rapidly, particularly with regard to executive function and reward sensitivity (Steinberg, 2005) . Therefore, changes following surgery may be different from adults in terms of both type and trajectory of change. Existing evidence also suggests unique developmental outcomes of adolescents compared with adults in bariatric surgery, with adolescents receiving bariatric surgery exhibiting more metabolic improvement relative to adults, but fewer hormonal changes (Lawson et al., 2006; Sysko et al., 2012) , suggesting processes specific to this developmental group following surgery and the value of studying adolescents independently.
The current study was a small pilot study designed to evaluate preliminary evidence of cognitive changes in adolescents undergoing vertical sleeve gastrectomy (VSG) as compared with adolescents who were eligible for VSG but were not having surgery within the study period, and adolescents of healthy weight matched for age and socioeconomic status (SES) to further control for practice effects and potential baseline differences in cognitive functioning. The current study aimed to: (1) evaluate whether, as hypothesized, there was a greater improvement in cognitive function in the VSG group (VSG) as compared with the wait list (WL) and healthy control (HC) groups between baseline (T1) and 3-4 month follow-up (T2); and (2) evaluate whether, as hypothesized, baseline cognitive function (T1) was associated with weight loss at 3-and 6-month post-VSG (T2 and T3, respectively).
Methods

Procedures
Participants in the VSG and WL groups were enrolled following presurgical psychological evaluations at a large children's hospital in the Mid-Atlantic. Eligibility for the study was assessed at the time of the evaluation by a licensed clinical psychologist (first author). Criteria for VSG include a BMI ! 35 with a medical comorbidity or BMI ! 40. Individuals are selfreferred, referred by their primary care or specialty physicians, or referred through the lifestyle weight management program at the institution. Patients routinely are seen through the weight management program for 3-6 consecutive months and receive a full psychological evaluation as well as evaluations by other relevant medical specialties (e.g., sleep medicine, endocrinology, cardiology) before being approved for surgery (Nadler Barefoot & Qureshi, 2012 and Pearce et al., 2017) . Assignment into the VSG or WL groups was made based on planned timing of surgery and whether surgery would occur during the study period. It is common to experience delays to surgery based on insurance requirements for participation in lifestyle management programs for 3-6 months before surgery or insurance denials for authorization, which created a natural WL group. All patients in the WL group continued with their usual care in the multidisciplinary medical weight management program, as it would be unethical to stop treatment for the duration of the current study. This weight management program, attended by the VSG and WL groups, consists of monthly visits with a medical provider and dietician as well as referrals to other specialists as needed. Healthy controls were recruited through a database maintained by one of the study primary investigators through a large university and medical center in the Mid-Atlantic. Specifically, any participant enrolled in any study through the lab is stored in a database, including their age, gender, ethnicity, and SES and Intelligence Quotient (IQ) from previous study protocols. Participants in this database were initially recruited via flyers in public places, in pediatrician's offices in the metropolitan area, and word-of-mouth from participants. For the current study, participants in the age range and in the same range for IQ and SES as the participants the current study were contacted by trained research assistants to determine interest and eligibility for the current study. Inclusion criteria were (1) the ability to speak and read English to complete study assessments and (2) absence of any significant cognitive impairment (e.g., traumatic brain injury), which would affect their performance on the study tasks. Eligibility was assessed via phone screen by trained research assistants. Demographic/clinical comparisons between those who chose to participate versus those who refused could not be conducted because of characteristics not having been captured for those who refused. Moreover, comparisons between those who were retained versus those who dropped out of the study were not conducted because of small sample size.
All visits were conducted at either the children's hospital or university at which the study was conducted. Participants could elect which location was most convenient. All batteries were conducted by either the principal investigator or trained research assistants who were currently master's level or PhDlevel psychology students. Assessors were not blind to patient group. At the baseline (T1) visit, participants completed informed consent conducted by either the principal investigator or a trained research assistant, and completed the cognitive performance and selfreport battery. This visit occurred approximately 2-4 weeks before surgery for the VSG group. Participants returned around 4 months (T2) following T1 (approximately 3 months postsurgery for the VSG group) to repeat both the cognitive performance tasks. Participants who were on stimulant medications for treatment of ADHD were instructed not to take their medications on the day of testing, resulting in approximately 24 hr without medication before testing. Adherence to this requirement was confirmed on the day of testing for those participants on stimulant medications. For all participants who had VSG, including the WL participants who had surgery following completion of the study, a medical record review was conducted to obtain weight loss at 6 months following VSG (Time 3; T3). All methods were approved by the appropriate institutional review boards. The potential for study related adverse events was monitored by the principal investigator, and none occurred during the course of the study.
Measures
Wechsler Abbreviated Scale of Intelligence-Second Edition. The Wechsler Abbreviated Scale of Intelligence-Second Edition (WASI-II) was administered as a means of estimating IQ to ensure absence of cognitive delay and ensuring similarity in the groups with severe obesity and the healthy controls. The WASI-II is a well-used and validated method of obtaining an estimate of IQ.
Wide Range Assessment of Memory and Learning-Second Edition, Visual Memory Subtests (Sheslow & Adams, 2003) . Visual memory was assessed using the Picture Memory and Design Memory subtests, on which participants remember elements of pictures and designs that they have just seen, and the Visual Memory Index Score was used for the current study. The Picture Memory Recognition and Design Memory Recognition subtests, on which participants respond whether they have seen elements of pictures or designs on prior tasks, were used to compute the Visual Recognition Index. The Wide Range Assessment of Memory and Learning-Second Edition (WRAML-II) is a wellestablished neuropsychology assessment tool for visual memory. There are no alternate forms to use, so the same measure was used for both T1 and T2. Therefore, the changes in score are evaluated in reference to the two control groups rather than any interpretation regarding clinical significance of the scores themselves.
California Verbal Learning Test (Delis, Kramer, Kaplan, & Ober, 2000) . The California Verbal Learning Test (CVLT-II) is a well-established measure that was used as an assessment of short and long-term verbal memory. The Short Delay Standard Score and Long Delay Standard Scores were used to assess verbal memory. The original and alternate forms of the measure were used and were counterbalanced across participants to reduce practice effects. Given that the majority of adolescents receiving bariatric surgery to be recruited into the study are typically >16 years, the adult version of the measure was chosen as the most appropriate for the majority of participants included in the study.
Tasks of Executive Control (Isquith, Roth, & Gioia, 2010) . Executive function was assessed using the computerized Tasks of Executive Control (TEC), which is designed for repeated measures using alternate forms, counterbalanced across participants for the current study. The TEC uses n-back procedures as a measure of working memory demand, which overlays a go/no go standard task, to produce indices of functioning on inhibitory control. The TEC is normed for individuals of age <18 years. Because the current sample enrolled participants over this age, in consultation with the developers of the measure, raw scores were used, adjusting for age and gender in all analyses. For the current study, the response time standard deviation (RTSD) was used as an indicator of variability in response time, where higher variability is associated with poorer executive functioning. This measure of executive functioning is supported as a robust indicator of executive functioning in existing literature (Kofler et al., 2013) . Scores were collapsed across noninhibit (summing RTSD scores from 0, 1, and 2-back under noninhibit conditions that did not include the go/no go condition) and inhibit (summing RTSD scores from 0, 1, and 2-back under inhibit conditions that included the go/no go paradigm) conditions for indices of inhibitory control and across 0, 1, and 2 nback for the inhibit and noninhibit conditions (e.g., summing n-back under noninhibit and inhibit conditions) for indices of working memory. Of note is that the TEC experienced a number of technical difficulties (i.e., freezing at the end of administration) resulting in lost data. Therefore, there is a significant amount of missing data in this measure (complete T1 and T2 data were available for 5 VSG participants, 9 WL participants, and 11 HC participants), and only descriptive data are provided. Results should be interpreted with caution and as preliminary data only.
BMI and Weight Loss. Height and weight were obtained at both T1 and T2, and BMI was calculated. BMI, rather than BMI percentile, or z-score was used given the higher levels of BMI among the participants with severe obesity. For all participants who had surgery, including those in the WL group who received surgery following their completion of the study (N ¼ 12), BMI was also calculated from medical records at 6 months postsurgery. As a measure of weight loss following surgery, excess BMI (EBMI) percentage lost was calculated. This is done by assuming a BMI of 25 or lower as within the normal weight category and is a standard calculation for assessing weight loss postsurgery (Deitel & Greenstein, 2003) . Specifically, a BMI of 25 is subtracted from T1 BMI to calculate EBMI. BMI at subsequent time points is then used in reference to EBMI to calculate the percentage of EBMI lost. This variable was used in analyses for the two groups with severe obesity only, as this measure is not relevant for youth in a healthy weight range.
Data Analytic Plan. All analyses were done with IBM SPSS Version 24 or SAS 9.4. To assess group differences on cognitive performance, change scores were . calculated by subtracting score at T1 from the score at T2. Using change scores on each index as the outcome measure, least squares means estimates from generalized linear models were obtained, and change scores were compared between groups. For the TEC, which used raw scores because the age range of the current sample was beyond the measure's scope for calculating index scores, gender and age were controlled for in all analyses. For all outcome measures, a Reliable Change Index was also calculated, using published norms for each of the measures (Isquith, Roth, & Gioia, 2010; Sheslow & Adams, 2003; Woods, Delis, Scott, Kramer, & Holdnack, 2006) as a means of additional interpretation of magnitude of change and using a cutoff of 1.96 to indicate clinical significance (Jacobson & Truax, 1991) . Eta squared was calculated as an indicator of effect size, with values of 0.01-0.05 indicating a small effect and 0.06-0.13 indicating a moderate effect size. Use of control groups allows for accounting for practice effects on all measures. To assess the association of baseline cognitive performance with prospective weight loss, multiple linear regressions were run by group for EBMI loss at T2 and T3 among participants who had surgery (n ¼ 12), controlling for gender and age on the outcomes based on the TEC only (not visual and verbal memory, given that the index scores were computed based on age and gender) and controlling for T1 BMI in all analyses. Owing to collinearity concerns of the cognitive measures, each outcome was modeled separately. Sample size estimation was based on feasibility of data collection for the current pilot study and power estimates based on the imaging component (Pearce et al., 2017) .
Results
Participants were 36 adolescents of age 14-21 years (mean age ¼ 16.3, SD ¼ 1.5). The majority were female (61%) and from ethnic minority backgrounds (19% Hispanic/Latino; 64% Non-White). The majority of participants (67%) were from households earning <$80,000 annually. Groups did not differ on any of the demographic variables. See Table I for all descriptive information by group, including psychiatric comorbidity and full scale IQ scores from the WASI-II. See Figure 1 for CONSORT table of enrollment. Based on analysis of variances (ANOVAs), groups differed at baseline between the VSG group and the WL group on visual recognition, with the VSG group scoring lower. The VSG group evidenced poorer scores on the inhibit, 1-back, and 2-back RTSD scores as compared with the HC group (see Table I ).
Hypothesis 1: There is a greater change in cognitive functioning in the VSG group.
For visual memory, there were no significant differences on change scores from T2 to T1 between groups; however, the direction of change was in the expected direction for all groups, given practice effects. Though not significant, the VSG group showed a larger improvement as compared with the WL and HC control groups for both visual memory and visual recognition (see Table II ). Notably, on average, the WL group evidenced poorer performance on the visual recognition subtest, whereas the other two groups demonstrated modest gains. Findings in verbal memory performance were similar to those found for visual memory, both short term and long term, with no significant differences seen between groups in change between T1 and T2, but with larger change scores in the expected direction for the VSG as compared with the WL and HC groups. Effect sizes of differences between groups were small across outcomes, with the exception of visual recognition that approached moderate size (see Table II ). When examining the Reliable Change Index, there were also no significant differences between groups, with most participants regardless of group evidencing stability in their performance across time (see Table III ). On the measure of EF, see Table II for response time SD (RTSD) from the TEC by groups.
Hypothesis 2: Baseline cognitive function is associated with weight change.
Average T2 EBMI loss was 44% (SD ¼ 18%, range 31-90%) for the VSG group indicating significant weight loss and À6% (SD ¼ 10%, range À26 to 7%) and for the WL group, which indicates a relative weight gain and increase from ideal BMI. Average T3 EBMI loss was 46% (SD ¼ 21%, range 14-93%).
For T2, baseline verbal and visual memory was not associated with EBMI loss for either VSG or WL participants. Executive functioning was not associated with EBMI loss for the WL group (see Table III ). However, for the VSG group, RTSD under the noninhibit condition demonstrated near significance with T2 EBMI loss, controlling for age, gender, and baseline BMI (F(4, 7) ¼ 5.80, p ¼ .09). RTSD under 2-back conditions, indicating a high working memory load, was also significantly associated with T2 EBMI loss (F(4, 7) ¼ 9.04, p ¼ .05; see Table IV) .
Post-VSG EBMI loss at 6 months (T3) was available for 12 participants. The same regressions were conducted for this group predicting T3 EBMI (see Table V ). Regressions indicated that visual recognition at baseline was significantly associated with T3 EBMI loss (F(2, 11) 
Discussion
The current study adds to the literature on cognitive functioning in adults by examining the cognitive changes occurring following bariatric surgery in adolescents. Additionally, these preliminary results can be interpreted as indication of the need for future research on the association between executive functioning and weight loss via surgery, as well as research on the effects of significant weight loss on executive functioning. Imaging results from the same sample found neural changes following surgery that indicate that weight loss is associated with increased prefrontal activation in the VSG as compared with the WL and HC groups (Pearce et al., 2017) . However, the analyses in the current study indicated that there were no such significant differences by group on cognitive performance tasks. Although findings were in the expected direction for visual and verbal memory, such that the VSG group had higher change scores, the VSG did not significantly differ from the control groups. Overall improvements on visual memory scores across groups were likely in part because of practice effects, but the indication of potentially greater improvement in the VSG group as compared with the controls indicates the potential for further study in changes to visual memory following bariatric surgery in adolescents. This is consistent with findings in the adult literature indicating improvements in memory as early as 12 weeks following surgery Gunstad et al., 2011) . The finding that visual recognition at baseline was associated with weight loss following surgery was novel and may be associated with the fact that visuospatial memory may be linked with food intake, such as that estimation of portion sizes and visual cues for eating inform how much is ingested (Kanoski & Grill, 2017) . Therefore, adolescents with better functioning visual memory may be able to regulate their intake following surgery better than those with poorer visual recognition, resulting in less weight loss.
Descriptive findings on the measure of executive functioning are difficult to interpret with the small sample size and technical difficulties. These relationship needs to be assessed in a larger sample to evaluate the potential benefits of bariatric surgery on cognitive functioning comorbidities in severe obesity. It is highly likely that the sample size was too small to detect small to modest improvements that might exist, particularly given the difficulties with the measure of executive functioning. It is also possible that >3-4 months are required postsurgery to see reliable improvements in cognitive function in adolescents, as compared with adults. These results are also different from the imaging results seen in the same sample (Pearce et al., 2017) , which may indicate difficulties with the TEC as an indicator of change in executive functioning in this population.
The current study also provided preliminary evidence that supports findings in adult surgery patients Spitznagel, Alosco, et al., 2013; Spitznagel, Garcia, et al., 2013) , that baseline cognitive functioning, particularly executive functioning, is associated with weight loss outcomes following bariatric surgery in adolescents. However, this same relationship was not observed for those adolescents with severe obesity in lifestyle management programs (i.e., WL group). One hypothesis for the association with weight loss in the VSG group compared with the WL group may be that the significant weight loss following surgery begins a cascade of changes, first seen in neural function (Pearce et al., 2017) , then with potential improvement in cognitive performance. Consequently, this may provide an opportunity for those with better executive function to engage in health behaviors that result in increased weight loss with the help of surgery. These findings have potentially significant research and clinical implications if they are replicated in larger samples. One potential avenue of clinical research would be to use experimental methodology to evaluate the association of presurgical executive function with postsurgical health behaviors and weight loss outcomes, for example augmenting executive functioning to determine the effect on postsurgical behavior and weight loss. Moreover, the findings suggest an opportunity for clinical intervention to bolster the presurgical executive function of adolescents who may be at risk of having less weight loss following surgery.
There are a number of limitations with the current study, especially given its original intent to provide preliminary evidence to guide future research. The small sample size limited the ability to detect significant between group differences and control for other potentially important factors and mechanisms such as physical activity, sleep, mood, metabolic factors, or nutritional intake. Future research should use larger samples and assess relevant health behaviors. The measure of executive functioning was chosen based on its generation of a wide range of data and its intent to be used over multiple time points and be sensitive to changes in executive functioning. However, the program encountered a number of technical difficulties, resulting in significant missing data, which is problematic given the already small sample size. Future work should consider alternate tools to assess executive function. The age range also affected the measure of verbal memory, which may have been too difficult for the participants under age 16 years, as the adult version of the measure was used to fit the majority of the study participants. Future research should use alternate measures of verbal memory. The study design was not randomized, as it is not ethical to randomize participants to a surgical or nonsurgical condition that may affect their health, and the assessors were not blind to group membership. Finally, although the participants in the current study were representative of youth in the institution's bariatric surgery program, there may factors specific to the institution or population that may limit generalizability to other populations of adolescents with severe obesity. For example, these participants had all been referred for bariatric surgery, which is likely a unique subset of adolescents with severe obesity. Therefore, the current findings must be replicated in a larger sample.
Conclusion
The current study evaluated both the association of bariatric surgery with improved cognitive function, as well as the association of baseline cognitive function with postsurgical weight loss outcomes using not only a comparison group of adolescents with severe obesity not receiving bariatric surgery but also a healthy control group. Although this was a small sample size with limited ability to detect significant differences, it lends support to the hypothesis that executive functioning may be an essential factor to consider in the treatment of adolescent severe obesity and that it may play a unique role in the predictors and outcomes of bariatric surgery in adolescents. Future research should examine these associations using experimental methodology to manipulate executive function and larger sample sizes, as well as a longer duration of follow-up to allow for changes to be detected and other types of surgery in addition to VSG. Note. N ¼ 12 for visual memory regressions and N ¼ 9 for the executive functioning regressions.
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